]. In the YMR, tectonic controls on volcanism have been used to support both comparatively high and low estimates of the probability of basaltic eruptions at the proposed repository site Smith et al., 1990] relative to estimates that do not explicitly consider structure [Connor and Hill, 1995] . The influence of crustal structure on volcanism, therefore, is identified and investigated on three separate scales. First, on a regional scale, balanced geologic cross sections and gravity data are used to investigate and model the regional relationship between the distribution of basaltic volcanism and crustal extension. At this scale it appears that shifts in the locus of volcanism through time and the concentration of volcanic activity within specific areas of the YMR result predominantly from lithospheric melting in response to extension. This extension is also manifest in slip on major crustal faults during the Pliocene and Quaternary. The resulting pattern in vent distribution and relationship to major crustal structures provides a basis for the volcanic hazard assessment. Second, on a subregional scale, geologic field and ground magnetic data are used to identify and map alignments of basaltic volcanoes, one of which has been entirely buried by alluvium. These alignments all parallel mapped normal faults, especially those with orientations that tend to cause them to dilate in response to extension. Factors controlling alignment development, length, and 37 c. [Ofoegbu and Fenill, 1998 ]. High-angle normal faults at Yucca Mountain intersect a detachment at depths between 5 and 10 km. Such high-dilation tendency faults may serve as pathways for ascending magmas. This profile is used to estimate density differences between Crater Flat (CF) and Bare Mountain (BM) using density values for major units from McKague [1980] and Howard [1985] .
orientation are similarly important to the volcanic hazard models [Smith et al., 1990; Connor et al., 1997] . Third, on a local scale the relationship between individual basaltic vents and faults is delineated, once again on the basis of detailed geologic field and magnetic data. Cumulatively, these data and the resulting models are the geologic basis for our estimate of the probability of volcanic eruptions through the proposed Yucca Mountain repository. 
Regional-Scale

Subregional Scale: Volcano Alignments and Faults
Within the Amargosa Trough, stress orientation, strain rate, and fault distribution influence the development of vent alignments. Issues related to vent alignments that arise in hazard assessment include their likelihood to develop, orientation, length [Nakamura, 1977; Zoback, 1989 A third prominent magnetic anomaly is 2.5 km southwest of Northern Cone [Magsino et al., 1998 ] (labeled C in Figure lb) . This is the lowest amplitude of the three magnetic anomalies mapped on the Quaternary Crater Flat alignment. A striking feature of this anomaly is that it appears to be rotated clockwise, based on the relationship between its positive and negative peaks (Plate 3c). This rotation of the anomaly is consistent with tectonic rotations in the area and suggests that this basalt is likely older than basalts that crop out along the alignment. Cumulatively, the geology and geophysical mapping indicate that the Quaternary Crater Flat alignment is up to 16 km in length and may have been reactivated through time.
Our 
Local Scale: Positions of Individual Vents
Faults may also control the locations of vents on local scales regardless of whether vent alignments develop or not (Figures  4a-4c) [Settle, 1979] . For example, a normal fault crossed by a strike-slip fault will tend to dilate more at the fault intersection, creating additional space for the intrusion of ascending magma (Figure 4a Figures 4c and 5a-5f ). Dikes will also have a tendency to break out of the fault system and propagate vertically at shallow depth because of rapid variations in the magnitude and orientation of the stress field (free surface effects). Given these free surface effects, it is not surprising that cinder cones are often located adjacent to faults in the hanging wall. Consequently, the total amount of lateral diversion will depend on the depth at which the dike begins following the fault and the dip of the fault. In part, the arcuate map pattern of the Ouaternary Crater Flat alignment (Figure 1 a) 
Probability Estimates
Probability models rely on estimates of the expected regional recurrence rate of volcanism in order to calculate the probability of future volcanic activity. These estimates vary between 2 and 12 volcanic events per million years (v/Myr) [e.g., Ho, 1991, 1992; Ho et al., 1991; Crowe et al., 1992; Connor and Hill, 1993], with various definitions of a volcanic event accounting for at least part of this range. In addition to this regional recurrence rate, the probability model accounts for the expected spatial distribution of future basaltic volcanism. Estimate of this spatial distribution can integrate independent geologic data to varying degrees. This, in turn, changes the probability estimate for volcanic disruption of the proposed repository. In the following, progressively more geologic information is incorporated into the analysis to demonstrate the sensitivity of probability estimates to these data and models.
In the simplest model the future distribution of volcanoes depends solely on where volcanoes have erupted in the past. Treating all Pliocene-Quaternary vents as individual volcanic events, the mean distance to nearest-neighbor volcanic event is Comparison of expected and observed distribution leads to a natural definition of conservatism for a site-specific hazard analysis. For example, the distance between the proposed repository and its nearest-neighbor Quaternary volcano is 8.2 km. Gaussian kernel functions for the expected distribution of vents with h = 7-9 km are conservative because a greater fraction of volcanic events occur at nearest-neighbor distances <8.2 km than predicted by the model, whereas a Gaussian kernel function with h = 3 km is not conservative (Figure 6) . In other words, probability models using h = 7-9 km are not likely to underestimate hazard for the YMR vent distribution. An h = 5 km smoothing parameter is conservative for probability models based on individual vent distributions, but not for a model based on vent alignment distributions. Only considering the distribution of past (Pliocene-Quaternary) volcanism, the annual probability of volcanic eruptions within the REGION Based on a model of magma generation in response to extension, recurring Quaternary volcanism within YMR vent clusters occurs because of the combination of two conditions that together give rise to small-volume melts: (1) mantle rocks beneath these regions are very near their solidus, perhaps over large regions compared to the area of vent clusters, and (2) mantle rocks in these areas experience a small volumetric strain in response to extension of the crust across the BMF, sufficient to produce melts. A given rate of extension will produce the greatest volumetric strain rate directly beneath the lateral change in density in the crust, such as at the BMF. Thus, with continuing extension, mantle in the region of this inflection has the greatest opportunity of producing partial melts from a given amount of crustal extension. Therefore episodes of extension and basaltic volcanism may correlate temporally as well, because pressure variations in the mantle will likely equilibrate because of ductile flow over time. In other words, pressure changes in the mantle which result from crustal extension will be transitory. Ofoegbu and Ferrill, 1998 ]. Therefore these faults have the potential as serving as low-energy pathways for magma transport to the surface (Figures 5a-5f ).
Impact on Probability Estimates
The overall range of probability values, 1 x 10 -8 to 1 x 10 -7, arises from the application of a variety of models and a range of parameter distributions. Incorporation of structural data into the hazards analysis changes our estimate of the expected distribution of future volcanic vents and increases our estimate of the probability of volcanism at the repository. New information can change these estimates. For example, Wet-nicke et al. [1998] speculated that regional recurrence rate h,t may be 1 order of magnitude greater than previously thought, on the basis of anomalous Global Positioning System (GPS)-derived crustal strain rates they observed in the YMR. If true, this change in regional recurrence rate would increase the upper bound of the hazard estimate to --• 10-r'/yr. Although the magnitude of these GPS strain rates [Savage, 1998] fr(x, y) probability density function to weight Xx,y using additional information. Q• integrated weighting factor.
